The authors take an initial step in identifying potential bottleneck concepts in psychology, that is, concepts that are deceptively difficult, perhaps due to student overconfidence. In order to first identify bottleneck concepts, faculty (n = 65) rated the difficulty of 91 psychological concepts from across the discipline. Students (n = 35) rated both the difficulty of terms and their confidence in their own knowledge of 107 terms typically found in introductory psychology research methods and learning chapters. Additional research into psychology's bottleneck concepts may help instructors to focus more on the content that students struggle with, especially the content in which students overconfidence.
Many different factors, such as poor instruction, inadequate prior knowledge, insufficient effort or ability, or mistaken beliefs may hamper student learning (Hattie, 2009; Lilienfeld, 2011; Robbins, Lauver, Le, Davis, Langley, & Carlstrom, 2004) . One basic factor not extensively studied in psychology relates to the inherent nature of the material learned; that is, what content is particularly difficult to master and why. We build on conceptual work on bottleneck concepts from diverse disciplines (Pace & Middendorf, 2004) to guide the identification of potentially challenging content in psychology. From students and faculty perspectives, we provide some initial ideas about the bottleneck concepts in introductory psychology.
In the typical multiple-choice testing context, difficult items are those items with the lowest number of correct responses; the label for such terms is merely 'difficult concepts'. One can calculate a difficulty index per multiple-choice item or concept as the ratio of the total number of students answering correctly to the total number of students answering; lower ratios indicate higher difficulty. Identifying difficult items can be useful to a faculty member, because with this information an instructor can implement extra teaching efforts and additional pedagogical strategies to assist students in remembering difficult concepts. Identifying difficult concepts is not an explanation as to the source of the difficulty; in addition, students are not always accurate judges of what they know and do not know.
Within cognitive psychology, metacognition involves the study of people's understanding about their own thoughts and cognitions. Two broad categorizations of metacognitive research involve metacognitive judgments and metacognitive control processes (Dunlosky & Metcalfe, 2009) . Within the metacognitive judgment domain, two processes are emphasized in the present studies: ease-of-learning judgments and judgments of learning (JOLs). Thus, ease-of-learning judgments are about how easy or difficult future learning is expected to be, and JOLs are about once learning has occurred, how easy or difficult it will be to remember what has been learned (Dunlosky & Metcalfe, 2009) . Cognitive psychologists have demonstrated that JOLs are only moderately accurate (Mueller, Tauber, & Dunlosky, 2013) . Inaccurate JOLs then lead to overestimations of future performance and illusions of competence (Castel, McCabe, & Roediger, 2007; Koriat & Bjork, 2005) . In light of this cognitive research, we focused on confidence in knowledge to begin to explain the source of concept difficulty.
Our conceptualization of bottleneck concepts is close to the conceptualization of bottlenecks in the discipline of history (Pace & Middendorf, 2004) . When bottleneck concepts are encountered, learning for a significant number of students is disrupted, and some disciplines such as physics have lists of typical misconceptions of students combined with instructional methods that can help combat these misconceptions (Pace & Middendorf, 2004) . In our conceptualization, bottleneck concepts have two characteristics: (a) concept difficulty and (b) one's self-confidence in thinking they know what the concept means. Thus, concepts can have values which fall along two continua, and 'bottleneck' items can be defined as high difficulty and high overconfidence; thus, students may be overconfident when thinking they understand a difficult concept. Lists of concepts in psychology exist (Balch, 2005; Griggs, Bujak-Johnson, & Proctor, 2004; Landrum, 1993; Miller, 2002; Quereshi, 1993; Slusher, 2011; Zechmeister & Zechmeister, 2000) , but we believe that bottleneck concepts are challenging for learners because of overconfidence (Dunning, Johnson, Ehrlinger, & Kruger, 2003; Ehrlinger, Johnson, Banner, Dunning, & Kruger, 2007; Schaefer, Williams, Goodie, & Campbell, 2003) . When learners inflate their ease-of-learning judgments, this may impede performance.
Bottleneck concepts are probably more difficult to teach because students believe that they are confident in knowing something that has high difficulty. We posit that this sometimes occurs when terms used in everyday language, such as 'discrimination,' take on a uniquely psychological meaning -which might perhaps lead a student to think that they understand something (overconfidence from their understanding of the common meaning) that they do not understand in a new context (the difficulty of understanding the specific psychological meaning). In this light, bottleneck concepts could be seen as a form of misunderstanding which will be important to address due to the concomitant overconfidence.
Our main goal in designing this study was to provide an empirical basis for identifying bottleneck concepts in psychology. We asked faculty and students to rate the extent to which presented terms were bottleneck concepts to help begin to elucidate some empirical examples of bottleneck concepts from the introductory psychology realm.
Method

Materials
In order to unearth potential difficult concepts, we created a list of 91 difficult terms adapting items from Landrum (1993) . We defined difficult concepts as concepts that students frequently confuse or have difficulty in comprehending, understanding, and applying. We asked instructors to use this definition of difficulty and also add the dimension of overconfidence to evaluate the extent to which they would consider each of the items provided as bottleneck concepts, using a scale where 1 = not at all, 2 = slight, 3 = moderate, and 4 = extreme.
Whereas faculty assessed concepts from across the entire breath of psychology, we decided to focus on only two areas of psychology for students and identify bottleneck concepts. We created a student survey but focused on two chapters in the introductory course: research methods and learning. We selected items from the faculty survey that pertained to these two chapters and added other relevant terms from Griggs et al. (2004) . The final list consisted of 60 items for the research methods chapter and 60 items for the learning chapter. We asked students to rate each concept on two dimensions: (1) how difficult it is to understand the concept, and (2) confidence in understanding this concept after completing the introductory psychology course. We calculated an average difficulty and average confidence score for each item. Difficulty was rated as 1 = easy to 3 = hard, and confidence was rated as 1 = not at all to 3 = very much so. We multiplied the values for a bottleneck score; the higher the score, the more the item exhibited bottleneck characteristics (that is, higher scores indicate greater difficulty and greater confidence).
Procedure
We enlisted the aid of the McGraw-Hill Higher Education (MHHE) Marketing Department that maintains a database of faculty members who teach introductory psychology. Faculty on the list are actively involved in the course as having taught for a number of years and also taking part in many introductory psychology-related behaviors (e.g., reviewing books, completing surveys related to the course). MHHE administered the faculty survey and sent approximately 150 faculty members a link to the survey. MHHE offered faculty members $50.00 to complete the survey.
To collect student data, we selected faculty members teaching at colleges and universities nationwide and invited them to share a link to our student survey with students who had most recently taken their introductory psychology class. Faculty did not receive any compensation or reward for sending the link to their students, but students who completed the survey received a $5.00 gift card from a major online retailer.
Results
Faculty Outcomes: difficulty
One hundred faculty members opened the link, 65 started the survey, and 62 completed the survey. We present mean scores for all concepts rated as being 'at least slightly difficult' in Table 1 . Faculty did not rate any items as an extreme bottleneck. Faculty rated over half (57) of the items as a 'less than slightly difficult' concept. Punishment versus reinforcement (M = 2.95), unconditioned stimulus/responses (M = 2.82), and statistical significance (M = 2.80) were the most difficult concepts rated. All three terms have a somewhat different meaning in daily life as compared to their usage in psychology, which could account for their high difficulty ratings. We were surprised that instructors did not rate any terms as truly bottleneck concepts (similar to student ratings), but it is possible respondents did not believe any terms would restrain greater understanding. The descending order of terms presented in Table 1 provides insight to instructors who wish to anticipate difficult concepts. Note. Items were rated on a scale of 1 = low difficulty, 2 = medium difficulty, and 3 = high difficulty.
Student Outcomes: difficulty and confidence levels (bottlenecks)
Fifty-six students began the student survey and 35 students completed the survey (63%). Student participants were from four different institutions (both 2-year and 4-year colleges and universities).
In thinking about the combination of difficulty and confidence to define bottleneck concepts, there are multiple conceptualizations. In general, an instructor might expect a negative relationship between difficulty and confidence (the more difficult a concept, the less confident a student is, and vice versa). This expected pattern of results occurs for the research methods concepts (Table 2 ) and the learning concepts (Table 3) . On a concept level, when average difficulty scores are correlated with average confidence scores, for the research methods items the results are r(50) = -.97, p < .001, and for the learning items the results are r(53) = -.98, p < .001. However, the prediction of a bottleneck concept is an aberration from the expected negative relationship, that is, some concepts possess high difficulty and high confidence, which defines the bottleneck. Another way to depict this aberration from the strong negative relationship is presented in Figure 1 . Thus, items which are identified with relatively high difficulty, for which students also provide relatively high confidence ratings, are potential bottleneck concepts. The highest-rated bottleneck concepts for the research methods content were the terms empirical, correlation coefficient, determinism, correlational study, and null hypothesis (see Table 2 ). The highest-rated bottleneck concepts for the learning content were the terms, continuous reinforcement schedule, conditioned fear preparation, evaluative conditioning, conditioned reinforcers, and social learning theory. Notes. When rating confidence, a scale of 1 = not at all, 2 = moderate, and 3 = very much so was used. When rating difficulty, a scale of 1 = easy, 2 = medium, and 3 = hard was used. Thus, a bottleneck score is the product of difficulty (higher score = more difficult) and confidence (higher score = more confident). Bottleneck concepts tend to have high difficulty and high overconfidence.
Discussion
In 2002 Margaret Matlin characterized the relationship between cognitive psychology and collegelevel pedagogy as 'two siblings that rarely communicate' (Matlin, 2002, p. 87) . She noted that even though millions of students are enrolled in colleges and universities throughout the nation (providing an environment which would handsomely benefit from college-level pedagogy research), cognitive psychologists tended to prefer laboratory-based studies, and did not venture often into the applied situation of the student learning in the college classroom (that is, translational research). Since that time, there is better communication and increased mutual influence between these siblings (Dunlosky, Rawson, Marsh, Nathan, & Willingham, 2013; McDaniel & Wooldridge, 2012; US Department of Education, 2007; Winne & Nesbit, 2010) , and we believe that the outcome of the present study is an example of continued sibling communication.
Students have many challenges studying psychology (Lillienfeld & Gurung, 2012) . There is a staggering array of terms to understand and a number of important concepts to learn. As teachers of the introductory psychology course, we believe it to be helpful to focus on potential bottleneck concepts in psychology. Paying attention to these concepts may be useful to any instructor confronted with the challenge of balancing depth vs. breadth in the introductory course. It is a worthy challenge to identify sources of troublesomeness for students and to develop ways to 'sensitively and appropriately' alleviate the issues within the time and resource constraints (Meyer & Land, 2005, p. 386) . The key to unplugging a student's misunderstanding of a bottleneck concept may not be to only attempt to 'teach better,' but also to address the overconfidence and JOLs. That is, increased metacognitive skill training might be as fruitful an avenue as to reduce bottlenecks as teachers working to make difficult concepts less difficult.
Similar to the concepts in Table 1, Tables 2 and 3 provide teachers with a hierarchy of terms to spend more time on, or to concentrate on, in their pedagogical strategies. We acknowledge selfreport as a major limitation of our student survey. Students could underestimate the difficulty of concepts due to the illusion of competence. On a related note, we have no way of knowing whether students who say they have high confidence on a term truly understand the concept. Further research utilizing actual testing of knowledge would provide the needed predictive validity of our operationalization. Our conceptualization of bottleneck concepts as the product of difficulty and confidence ratings is just one method to begin to define bottleneck concepts, and we hope our results stimulate further work. An interesting avenue of research would be to pursue the potential causes of overconfidence. Is it that some terms students already know (e.g., discrimination, correlation), so they think they understand that term in its psychological context? Is it that some terms are so frequently mentioned in different venues (e.g., social learning theory, reinforcers) that the mere exposure effect may lead students to think they understand a concept when they have heard it mentioned frequently? These are some potential avenues of explaining the source of student overconfidence that are worthy of exploration. Notes. When rating confidence, a scale of 1 = not at all, 2 = moderate, and 3 = very much so was used. When rating difficulty, a scale of 1 = easy, 2 = medium, and 3 = hard was used. Thus, a bottleneck score is the product of difficulty (higher score = more difficult) and confidence (higher score = more confident). Bottleneck concepts tend to have high difficulty and high overconfidence.
There are many benefits for educators to self-reflect on potential bottleneck concepts in the discipline, according to McLean (2009) . These potential benefits include: (a) reflection on the discipline and its content; (b) reflection on the process of teaching; and (c) reflection in relation to one's own learning, both learning in the past and continuous learning about teaching presently. Identifying bottleneck concepts is a critical next step for the field that can increase general acceptance of the discipline. We provide a start to the search for bottleneck concepts in psychology. We acknowledge that our study is just that, a start. The study contained a list of what teachers think are bottlenecks. We did not measure student performance in learning these concepts. Student performance is the most valid gauge of what is a bottleneck concept. The current data and further identifying such concepts can help modify pedagogy and should enhance student learning and a better future for the field of psychology. 
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